The present study comprises of cross sectional data on 414 Punjabi Khatri adolescent boys at a yearly interval from age 11 through 17 years. This group was compared with endogamous 140 Jat Sikhs, an agricultural land owning rural community, for profile of fatness. The anthropometric measurements taken on adolescent boys include weight, stature and skinfold thickness at biceps, triceps, suprailiac and medial calf. A gradual increase of weight from 11 to 16 years and a marginal increase from 16 to 17 years among the Punjabi Khatri boys is noticed, the same being true for stature also. The Jat Sikh boys increase gradually with peak increase in stature at 13-14 years of age followed by peak increase in weight at 14-15 years. Adolescent Punjabi khatri adolescents have more BMI than Jat Sikhs. Among the Punjabi khatri adolescent boys there is a fluctuation in fat content when calculated from GMT with maximum fat content at 12 years and in subsequent years it declines though pattern is inconsistent. As for Jat Sikh boys, maximum GMT is at 14 years and then fat decreases during the period. Biceps remains the site of minimum fat in all the age groups in both Punjabi khatri and Jat Sikh adolescent boys. The pattern is same in all the age groups in Punjabi khatri boys affirming the phenomenon of redistribution of fat away from extremity towards the trunk. As far as Jat Sikh adolescent boys are concerned there is an intersite shift at 17 years from suprailiac to medial calf deviating from the usual away from extremity towards the trunk. Suprailiac is the most sensitive site followed by medial calf in both adolescent Punjabi khatri and Jat Sikh boys.
INTRODUCTION
Growth is a biological phenomenon experienced by all living organisms. It is a continuous process of changes throughout life of an organism. Human growth is an active dynamic process which involves incessant change but, human beings are quite peculiar in this regard as they are born almost immature and spend nearly one third of their life growing, developing and training their abilities to survive. Human beings experience puberty during adolescence which is accompanied by a highly accelerated growth [1] . The study of human growth has been synonymous with measurements. Thus, the majority of traits in growth are quantitative characters. Assessment of growth has been traditionally established from height and weight measurements. The progression of growth follows a pattern that is consistent within individual but involves a wide range of differences with regard to age of onset and duration of specific stages as well as in the intensity of these changes. However, the basic developmental norms are constant for all children belonging to different ethnic groups [2, 3] .
Although, social class related differences in growth have been documented [4] [5] [6] , the fact that large variation is seen even within the same community has not received much attention. Differences in dietary intake alone are unlikely to explain between individual variations in adolescent growth as there is hardly any evidence for the relationship between the two during adolescence [7] [8] [9] .
*Address correspondence to this author at the Department of Anthropology, University of Delhi, Delhi 110007, India; Tel: 011-27667329; Fax: 011-27666614; E-mail: satwanti@yahoo.com Fat distribution pattern is drawing much attention due to its association with various chronic degenerative diseases [10] [11] [12] [13] [14] [15] . However, any analysis of fat distribution in diseases must take into account distributional variation with age and sex [3, 16, 17] . Linear measurements changes with age are undoubted. It has also been established that fat distribution changes systematically from infancy through late childhood [18, 19] . Different studies on the pattern of subcutaneous fat distribution among various populations all over the world reveals that it is related to number of factors which could be genetic, environmental, socio-economic, nutritive, type and level of physical activity [20] [21] [22] .
India's unique caste system has attracted the attention of human geneticists and anthropologists to examine the intricacies involved in biological and socio-cultural aspects. Most anthropometric traits manifest as continuous graded characteristics which may be produced by the action of either genetic or environmental factors or combination of both. Although, growth is known to be influenced by genetic as well as environmental factors, the latter are of greater importance.
Anthropometry provides the single most portal, universally applicable, non-invasive and inexpensive techniques for assessing the size, proportions and composition of human body. Anthropometry is particularly important during adolescence because it allows the monitoring and evaluation of changes in growth and maturation during this period. Anthropometric variability in Indian populations is remarkable due to the influences of several factors, nutritional and socioeconomic [23] [24] [25] .
An attempt has been made in the present study to establish the trend of changes in some linear and adiposity dimensions during adolescence period in an endogamous Punjabi Khatri population and to compare the same with genetically different population-the Jat Sikhs for profile of fatness during same period.
MATERIALS AND METHODOLOGY
The present study comprises a cross sectional data on four hundred and fourteen adolescent boys studying in schools who volunteered as subjects. The subjects belonged to urban based endogamous Punjabi Khatri and within the population no further distinction with respect to subcaste was made. All the families were residing in Delhi at the time of study. The subjects included adolescents at a yearly interval from age 11 through 17 years. This group was compared with endogamous one hudred and forty Jat Sikhs, one of the most numerous agricultural land owning rural community [26] for profile of fatness. The anthropometric measurements taken on adolescent boys include weight and stature. Skinfold thickness at biceps, triceps, suprailiac and medial calf were taken on Punjabi khatri and Jat Sikh boys. All the measurements were taken according to the techniques described by Weiner and Laurie [27] .
To visualize fatness body mass index (BMI) was calculated as weight in kg divided by stature in meter square, Grand mean thickness (GMT) was computed by dividing sum of all the skinfold thickness by the number of sites and the profile of subcutaneous fat distribution over the body was obtained by arranging the skinfold sites in ascending order of thickness. To study the sensitivity of deposition of subcutaneous fat at different sites, each site was expressed as percent of GMT [17] . Table 1 shows a gradual increase of weight from 11 to 16 years among the Punjabi Khatri boys, while a marginal increase from 16 to 17 years, the same being true for stature also. A maximum increase corresponding to adolescent spurt in weight is at 14-15 years and in stature it has been seen in age group 15-16 years. The Jat Sikh boys increase gradually with peak increase in stature at 13-14 years of age followed by peak increase in weight at 14-15 years. Though there is an increase in BMI among the boys, no consistent pattern is observed with adolescent Punjabi khatri having more BMI than Jat Sikhs. Among the Punjabi khatri adolescent boys there is a fluctuation in fat content when calculated from GMT with maximum fat content at 12 years and in subsequent years it declines though pattern is inconsistent. As for Jat Sikh boys, maximum GMT is at 14 years and then fat decreases during the period.
RESULTS
In order to study the pattern of subcutaneous fat distribution among adolescent boys both Punjabi khatri and Jat Sikhs ( Table 2 , Fig. 1 ) biceps, triceps, suprailiac and medial calf are selected. The profile of the subcutaneous fat was studied by arranging skinfold site in ascending order of their thickness for all the age groups. Biceps remains the site of minimum fat in all the age groups in both Punjabi khatri and Jat Sikh adolescent boys. The pattern is same in all the age groups in Punjabi khatri boys affirming the phenomenon of redistribution of fat away from extremity towards the trunk. As far as Jat Sikh adolescent boys are concerned there is an intersite shift at 17 years from suprailiac to medial calf deviating from the usual away from extremity towards the trunk.
As can be clearly seen from Fig. (2) suprailiac is the most sensitive site followed by medial calf in both adolescent Punjabi khatri and Jat Sikh boys.
DISCUSSION
Small but significant relationship have been observed between age and various body measurements both in Punjabi khatri and Jat Sikh pointing towards age dependent growing period. To understand minutely every detail of the change that takes place around this critical period, each age group has been dealt separately. Thus, there are seven age groups each of Punjabi khatri and Jat Sikh adolescent boys from 11 through 17 years.
Both the groups' Punjabi khatri and Jat Sikh adolescent boys have comparable ages, point towards weight spurt in 15 years. However spurt in stature is earlier in Jat Sikhs at 14 years while in Punjabi khatri it is later that is at 16 years. Profile of the distribution of skinfold thickness in Jat sikhs in adolescent boys This leads to inference that Jat Sikhs boys have maturity earlier than Punjabi khatri as far as stature is concerned.
Although, the variables in both the groups' Punjabi khatri and Jat Sikh adolescent boys showed an increase with age, the rate of increase and age at which maximum increase corresponding to adolescence spurt occurred varied from variable to variable. This may be attributed to the fact that all body parts of the body do not grow at the same rate. Some body part or dimensions increase more than others during adolescent period and some exhibit spurt earlier than others [28] . The adolescent spurt is a constant phenomenon and occurs in all children, though it varies in duration from one child to another and also from one variable to another.
It has been emphasized that individual growth standards for each endogamous population are required because of genetic determinants of growth pattern [29] . The period of growth of children unfolds a spectrum of changes in size, shape, proportion and maturity status thereby indicating a dynamic state of child [24] .
Among the Punjabi khatri adolescent boys there is a fluctuation in fat content when calculated from GMT with maximum fat content at 12 years and in subsequent years it declines though pattern is inconsistent. Theoretically, any change in the GMT would be accompanied by change in thickness of the skinfold at individual site, but the change thus occurring is not uniform at all sites as there is variation in the deposition of fat at different sites. As for Jat Sikh boys, maximum GMT is at 14 years and then fat decreases during the period coinciding with faster growth rate which could be attributed to increased need owing to faster growth rate. The profile of the pattern of subcutaneous skinfold thickness is not the same in both Punjabi khatri and Jat Sikh adolescent boys. GMT does not follow a uniform pattern and even the site of fat deposition also varies with the fluctuation of fat. There is no similarity in different age groups as far as pattern is concerned; this inference is not very real as few sites of skinfold thickness are taken in the present study. Suprailiac site followed by medial calf is found to be sensitive, an indirect evidence of subcutaneous fat deposition shift towards trunkal region. Significant inverse relationships were found for all measures of body size and composition and all physical activity indices [30] .
In the present study there is fluctuation in GMT in both the groups while a continuous increase in weight is observed which means that fat increase is used by body build and uses the fat reservoir for extra energy required at adolescence, an important phase for growth. An intriguing feature observed is that minimum GMT in Punjabi khatri and maximum in Jat Sikh is found to be at 17 years.
There is a tendency towards an increase in BMI among the boys though adolescent Punjabi khatri have more BMI than Jat Sikhs and no consistent pattern is observed. Maximum increase in BMI is noticed in late adolescent period at 15-16 years in Punjabi khatri but in Jat Sikh obvious decrease is observed in 14-15 years. BMI has its limitation as such that is why percentiles are used, but among growing children it has significant limitation as differential rate of growth prevails.
Rural and low socio-economic statuses Indians have some of the lowest mean BMI and greatest proportions of the population with BMI below 16 kg/m 2 [31] . The present study reflects that BMI has its limitation as an index of obesity and it is clear that BMI is mirror image of not only fat but muscles and bones too. To interpret BMI in terms of body composition more specifically it is necessary to take into account sex, age and ethnicity.
Although the genetic explanation for obesity is generally acceptable, the recent trends in overweight and obesity suggest that other factors may be equally significant. Recent research has therefore, focused on the role of environmental factors, including socioeconomic status. The studies have generally reported a significant relationship between socioeconomic status and overweight or obesity [32] . Remarkable variation in adiposity among different populations suggests that social, economic and environmental factors are important influences, although it may be true that genetic differences across populations also play a role [33] . Punjabi Khatri were urban based and belong to high socioeconomic group whereas the Jat Sikhs were mostly agricultural land owning rural community. The socioeconomic differences among them influences their body composition and fat distribution pattern as observed. Punjabi Khatri boys had higher grand mean skinfold thickness in most of the age groups showing more subcutaneous fat deposition than the Jat Sikhs boys though they were taller and heavier.
Among the Punjabi Khatri boys maximum skinfold thickness site was observed in suprailiac whereas among the Jat Sikhs boys, it was found in medial calf skinfold thickness site in most of the age groups. It showed that Jat Sikhs boys had the maximum subcutaneous fat deposition in extremities but Punjabi Khatri boys had more subcutaneous fat deposition in trunkal region, which is of greater health significance. City residents have different life-styles than rural dwellers, and these differing living habits establish characteristic patterns of food demands and time allocation. Urban areas over the world are more advanced in obesity than the rural ones [34] . The United States Center for Disease Control [35] also state that the growing obesity rates are an indication of a growing long-term imbalance between an individual's energy intake from food and drink and energy use in basal metabolism, work and leisure, and seem to have little to do with the gene pool of the population, which is fixed.
CONCLUSION
The present study comprises of cross sectional data on Punjabi Khatri and Jat Sikh adolescent boys at a yearly interval from age 11 through 17 years. A gradual increase of weight from 11 to 16 years and a marginal increase from 16 to 17 years among the Punjabi Khatri boys and peak increase in weight at 14-15 year in Jat sikh boys is noticed. The Jat Sikh boys increase gradually with peak increase in stature at 13-14 years and in Punjabi khatri gradual increase of weight from 11 to 16 years and a marginal increase from 16 to 17 years is observed. Adolescent Punjabi khatri adolescents have more BMI than Jat Sikhs. The pattern is same in all the age groups in Punjabi khatri boys affirming the phenomenon of redistribution of fat away from extremity towards the trunk. As far as Jat Sikh adolescent boys are concerned there is an intersite shift at 17 years from suprailiac to medial calf deviating from the usual away from extremity towards the trunk. Suprailiac is the most sensitive site followed by medial calf in both adolescent Punjabi khatri and Jat Sikh boys.
